Abstract-This paper describes the architecture of a fully parallel multiple-input multiple-output (MIMO) channel sounder. It has been designed to give in real-time the full polarimetric channel matrix which is then exploited to display, for example, the bi-directional channel characteristics as the angle of arrival (AoA) and angle of departure (AoD) of the multipath components. This 16x16 sounder, working at a center frequency of 1.35 GHz, uses an OFDM transmission scheme with an 80 MHz bandwidth. Applications of this sounder are then illustrated by studying the outdoor to indoor propagation characteristics.
I. INTRODUCTION
Measurements of complex channel impulse responses are of prime importance to optimize the transmission scheme, either in indoor or outdoor environment, and to predict its performances. In the last decade numerous channel sounders have thus been developed as described in [1] , [2] , the transmitted signal occupying either a narrow band, a wide band [3] or even an ultrawide band as in [4] . Most of the sounders are multiple-input multiple-output (MIMO) systems in order to extract, from the measured channel transfer matrix, the double-directional characteristics of the link such as the angle of arrival (AoA), the angle of departure (AoD) and the relative time of arrival (ToA) of the multipath components.
The cheapest sounder is based on a sequential single-input single-output (SISO) architecture, the antenna elements being successively switched [5] , [6] . Indeed, in this case, only a single transmitting (Tx) and receiving (Rx) module is needed. However, even if the switching time can be very fast, the time interval between two successive data recording must be greater than the delay spread of the channel. In outdoor environment and if the number of array elements is large, satisfying such a constraint may have a strong impact in terms of maximum Doppler frequency, channel coherence time and phase noise of the local oscillators as well, as outlined in [1] . To decrease the measurement time of a channel matrix, a first approach is to keep a switched transmitter but to implement a parallel channel receiver. In [7] for example, the chirp waveform transmitting signal at 1.9 and 2.1 GHz and having a bandwidth of 60 MHz, is received on 8 channels, the Tx/Rx array elements being vertically polarized dipoles or patch antennas. Lastly a fully parallel transceiver architecture that employs a layered scheme of frequency and space-time division multiplexing has been proposed [8] .
Whichever the sounding technique, a time consuming post-processing is usually needed to extract the channel parameters from the time domain samples of the received signal stored in a huge memory. Hence, It would be interesting to avoid such heavy processing in order to get in real-time the bi-directional channel characteristics which could be displayed while making the measurement campaign. To achieve this goal, a versatile channel sounder has been designed to reach an acquisition time less than 300 μs for a full polarimetric (16x16) channel transfer matrix H. H is stored in a binary format to minimize the file size. Section II describes the main features of this sounder while Section III presents few examples dealing with outdoor-to-indoor scenarios.
II. PRINCIPLE AND PERFORMANCES OF THE CHANNEL SOUNDER

A. Transmitted/Received Frames
Let Ntx and Nrx be the number of array elements at Tx and Rx, each element being a dual-polarized patch antenna. These elements can be placed in different ways to get a uniform linear or cylindrical array (ULA or UCA), or a rectangular array (URA). In our configuration, the maximum number of array elements being 8, this leads to the measurement of a 16x16 channel matrix including both polarizations.
The total number Nsc of subcarriers of the OFDM scheme is 8192 occupying a total bandwidth of 100 MHz. However, for the time being, a 200 Msamples/s analog digital converter (ADC) is used at Rx such that the transmitting band has been reduced to 80 MHz. This is performed by not feeding subcarriers situated in the lower and higher frequency band of the spectrum. Newman phases are added to the default multitone to minimize the peak-to-average power ratio. Since the size of the Tx array can be chosen, the subcarriers can be allocated either to only one patch antenna or distributed among all Tx antennas. As an example with Ntx=8, Fig. 1 shows the distribution of the 1024 subcarriers per antenna, their spacing being equal to 97.66 kHz. To keep reasonable Previous published measurements on outdoor to indoor penetration into buildings are mainly related to the additional path loss, as described in [11] . In this case, the objective is to make a statistical analysis for different types of building and to propose path loss models. However to optimize diversity schemes and for MIMO applications as well, it is also important to measure the full polarimetric parameters of the bi-directional link. Rather than to study the penetration of a wave transmitted by a distant cellular base station, we have preferred to put a Tx array in the vicinity of the building in which the Rx array is situated, in order to manage the polarization of the wave incident on the building.
During measurements, the ULA Tx array was placed at a height of 7 m and at a distance of 50 m of the building. The main lobe of each patch array element is oriented towards the building. The Rx array, situated at the first floor of the building, i.e. at the same height as Tx, is moved in different rooms. This allows making a statistical analysis of the distribution of the channel characteristics and to point out the influence of the antenna polarization. In the following, in order to briefly illustrate results of the channel sounding, only 2 extreme cases are presented. The array is situated in the center of a room whose windows are either facing the Tx array (light indoor -LI-), or in a room on the other side of the building (deep indoor -DI-). For a DI scenario, Fig. 2 shows results obtained from RiMAX, i.e., a channel impulse response and the AoA/AoD associated with their relative ToA, thus referred to an arbitrary reference time, Tx and Rx being not synchronized. For this DI scenario the angular spread AS = 80° and the waves are nearly depolarized, the mean XPD factor being equal to 6 dB. For the LI configuration, AS is much smaller (10°) and the waves remain polarized (Mean XPD = 15 dB). The polarization, horizontal or vertical, of the incident plane wave has nearly no impact on these results. The XPD factor can also be calculated for each multipath component. Results are given in Table I for 3 paths. For the DI scenario, XPD does not vary appreciably while, for LI, XPD strongly decreases with the path delay. 
